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incredible shrinking window

@ improved limits from the LHC

@ improved measurements in top mass and w mass
@ provide strong motivation fo focus on low-mass Higgs

Mass of the W Boson

Measurement : M,y [MeV]

CDF-0/1 80432 + 79
DI 80478 = 83
D@-Il o) 80402 = 43
CDF-ll e2w) 80387 = 19
DD-Il  w@aw? 80369 + 26
Tevatron Run-0/I/11 —9- 80387 + 16
LEP-2 —— 80376 = 33
World Average '0- 80385+ 15
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The Tevatron at Fermilab

@ Tevatron proton-
antiproton collider at
Fermilab

@ .Js =196 TeV

@EWK scale processes
probe different L A
region of parton P
distribution than LHC

@channel sensitivity
differs from LHC
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Tevatron Integrated Luminosity

Collider Run Il Integrated Luminosity

Iy L

£
3 8000.00 g
< 4000 -
S °
; ” e
o I
£ o
c F]

400000 £
2 20,00 I c
g mm |M~|“I”|”H :

e .unnHHIHHIHH H
5 35 65 95 125 155 18 365 425 455 485 515 545
W eek
eek 1 starts 03
[ 0 & mi

8000 9000
store number

. @ delivered 11.9 fb-!

@ exceptionally efficient
in final years

i

|
].

|l@ recorded w/ ~90% eff

|® final results ~10 fb!

;




CDF 1I detector

Spectrometer : Outer tracker and Silicon Tracker in 1.4 Telsa Solenoid
Energy Flow : Fine segmented Calorimeter and Preshower (Steel/Iron and Scintillator)
Muons : multi layer scintilator and drift chamber systems

Hermetic : Excellent coverage of Tracking, Calorimeter and Muon Systems

CDF Il Detector

detector coverage
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Higgs Production at Tevatron

SM Higgs production

gg,qq — tth

TeV4LHC Higgs working group

Gluon fusion dominates
Associated production
(WH,ZH)

Vector Boson fusion
. J




Higgs Production at Tevatron

SM Higgs production 135 GeV
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TeV4LHC Higgs working group
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Gluon fusion dominates
Associated production My<135, H—=bb

(WH,ZH) My 5135, H->WW

Vector Boson fusion
. J \/ 5%




Higgs search at Tevatron

@ focus on the low Higgs mass
region

o x Br [pb]
3

@ re-evaluate current analysis tools
to optimize signal acceptance

—t
S
w

@ improve b-tagging strategy

@ jet energy resolution

10 E NNLO, one lepton flavour

@ develop new MVA discriminants —qq—> WH — Ivbb
——qq—>ZH — lIbb
@ validation of search ——qq—ZH — vvbb
techniques in diboson 10°
measurements

100 120 140




Higgs search at Tevatron

@ focus on the low Higgs mass
region

—r
Q
N

—

o x Br [pb]

@ re-evaluate current analysis tools

to optimize signal acceptance 10°

@ improve b-tagging strategy

T WH
@ jet energy resolution n
g

ne lepton flavour
ZH

@ develop new MVA discriminants WH — Ivbb

—qq—ZH — llbb
@ validation of search ——qq—ZH — vvbb
techniques in diboson 10°
measurements 1 0 120 140
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WH — [vbb Search

Central Leptons, 2 jets, Pretag WH-Ivbb CDF Run Il Preliminary ( 9.45fb™)
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numerous b-taggers

across several analyses

SecVtx Tag Efficiciiey, .. |
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led to requirement for
combined tagging channels

OLD - Multiple Taggers
Tagging Category

SecVix+SecVix

SecVix+JetProb

SecVix+Roma
Single SecVix

Sum




identifying b-quark jets
@ previous taggers used in

top quark, exoftic, and

qcd analyses Jet Cone ./~

@ utilize all features in 2/ ¢ Tertiary Vertex

single b-tagger | P/

o displaced vertices " Primary Vertex

@ high impact parameter
single tracks

@optimize tagger for Higgs
@ soft charge muons from Kinematic region and
semi-leptonic decays tagging thresholds



Higgs optimized b-
identification tagger

25 input variables drawn from

All Leptons, Pretag
other taggers

8

8

vertex: L3D, o(L3D), vertex inv
mass, pseudo-cT,

8
c
g
(]
kS
3,
=]
=

tracks: b-like track score (10),
track multiplicity, frack inv
mass, total track pr

soft muon kinematics

two operating points optimized
for use in H—=bb

Hobit Output




HOBIT performance

CDF Preliminary

............ RN WRRVRN SRRV WOUR: SO SO W SO
HOBIT ;
Roma
BNess
Loose SecVix
Tight SecVtx

05 055 06 065 0.7 075 0.8

B Jet Efficiency

tagger eff HOBIT increase
SVT 0.39 0.54 38%
SV L 0.47 0.59 YA




HOBIT validation

o(+t) method

o Per{:ormance 4 @ previously measure o(tt) and b-tag

simulation with data eff simultaneously
previous 1.aggers utilized ® Select tt-bar enhanced data
resolution effects to measure ® W+3,4,5+ jet sample with large Hr

corrections o W+l jet sample

no longer available in MVA @ fluctuate the b-tag eff and light-jet
tagger, but now have large mistag efficiency
orthogonal datasets o perform 2D X2 minimization in b-eff

SF and mistag SF
measure correction scale

factors using two techniques

combine the two
measurements to reduce the
b-tag efficiency uncertainty




HOBIT validation

compare performance in soft-electron method

simulation with data @ use known efficiency of SecVtx

previous taggers utilized tagger to generate tag-probe sample

resolution effects to measure @ enhance b-content in the probe jets
corrections with soft-electron tagging

! : @ all variables orthogonal to HOBIT
no longer available in MVA inputs
tagger, but now how large

t tent b
orthogonal datasets @ correct HF content based upon

identifying photon conversions

measure correction scale
factors using two newly
developed techniques

soft

| SecVtx *  electron
combine the two

measurements to reduce the
b-tag efficiency uncertainty




HOBIT validation

® combine the two
measurements to reduce the HOBIT effok uncert

b-tag efficiency uncertainty

. ; ; tight 0.998 ONOKYA
@ give access to full kinematic

range of jets from tt-bar
and dijet events loose 0.937 +0.037

—+- Nonisolated Electron Jet Data
[l Nonisolated Electron Jet MC, HF Jets (75.3%)
[l Nonisolated Electron Jet MC, Light Jets (24.7%)

tt-bar sample
t

arbitrary units

soft-electron

* 0,=6.336 pb J€'|' sample

® 0,=7.04 pb
® 0,=7.744 pb

0.8 0.85 0.9 0.95 1 1.05
Minimum HOBIT Output




HOBIT in low-mass Higgs

@ excellent agreement in HOBIT
tagged samples

@ single Tight tag control

@ HOBIT has been incorporated info
most CDF low-mass analyses

@ each analysis optimized operating
points for best signal fo
background

@ use Tight and Loose points

@ up to 5 tag categories TT, TL,
Tx, LL, Lx

Central Lepton 2JET

WH—Ivbb

T CDF Run Il Preliminary (9.4 fb™)

non-signal
control region

40 60

I
58
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e top (t-ch)
e top (s-ch)

oo

6 @aa

ARG

sSss ==
+

+CC
+bb
+If
Higgs WH (115 GeV) x5
Higgs ZH (115 GeV) x 50

80 100 120
Missing Transverse Energy (GeV)



HOBIT in low-mass Higgs

OLD - Multiple Taggers New Hobbit
Tagging Category Tagging Category  S/VB
SecVix+SecVix Tight-Tight 0.266
SecVix+JetProb Tight-Loose 0.200
Single Tight 0.143
SecVix+Roma Loose-Loose 0.053
Single SecVix Single Loose 0.044
Sum Sum 0.369

Tag Category b-jet eff light jet fake
Tight 42% 0.89%
Loose 70% VA

increase > 10% in S/A/B for WH—|Vvbb
increase > 15% in S/A/B for ZH—Ilbb



Jet energy resolution

@ b-jet calorimeter deposits have sizable
differences from light-jets

@ develop specialized NN and corrections for
b-jets to improve H—bb mass resolution



ZH — [Ibb Signature

@ lepton E1 resolution is excellent
and provides constraint

@ attribute missing-Et to
measurement of jets

@ trained Neural Network to
balance jets against missing-Er

CDF Run Il Preliminary 9.45/fb CDF Run Il Preliminary 9.45/fb

All Sub-Channels All Sub-Channels
- data - data

7+1f Z+1f
I Z+bb I Z+bb
B Z+ce N Z+ce
tt tt
77 77
B wz It B wz
WW ] WW
fake Z g fake Z
[ zn 25) x 50 [ zn 25) x 50

400 300 |
Dijet Mass (GeV/c?) Corrected Dijet Mass (GeV/c?)




ZH — vvbb Signature

CDF Il Preliminary CDF Il Preliminary

ization
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@ NN based b-jet corrections CDF Il Preliminary

ZH — vV bb events

@ better signal/background separation P 1o cen?
® RMS/mean improves in Met+bb
@ 0.195 -> 0.156

® b-jet corrections now included in all
H—bb analysis

140 180 200
m; (GeVic




multivariate methods

develop MVA for specific

backgrounds E

mul’ri-s’rage classification of I-
tt expert network
output

events

0 0.25

>o.5 ) . ‘ . . .
separate easiest background first “‘:A, Finajfd ‘
network output <05
>0.5

>0.5
train final discriminant after

diboson expert network
output

CDF Run Il Preliminary 9.45/fb

All-SubChannels
- data

7+1f
M Z+bb
B Z+ce

tt

77
B wz

Events/Bin

WWwW
fake Z
D ZH (120) x 50

0.5
ZH (120 GeV) Discriminant



search for WZ/ZzZ— X+bb

@ identical final state as

WH/ZH— X+bb @ use same search strategy

o o(VZ) %5x Tsm(VH) @ critical test of analysis

Tevatron Preliminary, L <9.5 fo
1+2 b-Tagged Jets

Tevatron Preliminary, L <9.5 fo’
1+2 b-Tagged Jets
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Dijet Mass [GeV/c?]

MVA ordered by s/b

O'(VZ)=4.47'|_'O.64(s’ra’r)‘|_'o.73(sys’r) pb
approximately 4.60 significance
Osm(VZ) = 4.4+0.3 pb




Expected CDF Sensitivity

CDF Run I Prellmmary, mH_115 GeV

Summer 2005 December 2008
Summer 2006 November 2009
Summer 2007 July 2010
January 2008 July 2011

] Projected Improvements
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Expected CDF Sensitivity

CDF Run Il Preliminary, m =115 GeV

Summer 2005 November 2009
Summer 2006 July 2010
Summer 2007 July 2011
January 2008 February 2012
Sensitivity Goal
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CDF Full Combination

CDF Run Il Preliminary, L < 10 fb™

: Expec;'ted : CDF :

- Observed ~_Exclusion
T 0 o
220 Expected-iooeieee - S

%
=
E
-
-
(&)
2
)
o

| | ¥ | B 5ebrga;y 27,2012
100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

Exclude SM Higgs at 95% C.L.: 147 < my < |75 GeV/c?
Expect to exclude: 100 <my < 106 GeV/c? & 154 < my < |76 GeV/c?



Global significance of excess

S CDF Runll Preliminary —— mcorcraes

» Hishest local p-value at K "% oM Higgs, L <1001 B costes

My = 120 GeV/c? £ ! 3 ] eoeiees
» mass resolution of %101

searches, dominated by [l

bb at low mass and 10 BT

WWV at high mass, is ot

broad 10-?00 110 120 130 140 150 160 170 180 190 200
» Estimate | EE of 4 for February 2012 Higgs Boson Mass (GeV/c)

our entire SM search rch ﬁ
range from 100 to 200 | LocalPyale | Global Palue

GeV/c? - LlE




compahble with SM nggs’?

| CDFRunIlPrellmlnary
L<10fb” ‘ ~

éFitted Higgs cross

0‘IO 110 120 130 140 150 160 170 180 190 200
m,, (GeV)

Consistent with SM Higgs at | O level for
mass range between 107 and 142 GeV/c?




how much did things change?

CDF Run Il Preliminary, L <8.2 fb™ CDF Run Il Preliminary, L < 10 fb™

Expected C DF

= Observed ; ;- Exclusion
I 10 Expected . ;
[ +20 Expected

95% CL Limit/SM
=)

=
N
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_
o
X
10
o

3

100 110 120 130 140 150 160 170 180 130 %00 100 110 120 130 140 150 160 170 180 190 200
m(GeV/c”) m,, (GeV/c?)

Summer 201 | Winter 2012

A ~0.50 excess in mass range from | 15 to |35 GeV/c?
has become a ~20 excess. How can this happen!?




CDF Run Il Preliminary CDF Run Il Preliminary

170 180 190 200 110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV) Higgs Mass (GeV)

Winter 2012

» | 8% additional data
» Small signal acceptance improvements (0.1 < AR, < 0.2)

» No appreciable change in behavior of limits




ZH—VvVvbb

g +b-jets 7.8 fb™ [CDF Il Preliminary] g +b-jets 9.45 fb™' [CDF Il Preliminary]

68% Confidence interval
[ 95% Confidence interval
Expected 95% C.L. limit
= QObserved 95% C.L. limit

68% Confidence interval
[ 95% Confidence interval
Expected 95% C.L. limit
——— QObserved 95% C.L. limit

95% C.L. limit / SM
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Higgs Mass (GeV/c?) Higgs Mass (GeV/c?)

Summer 201 | Winter 2012

» 219 addrtional luminosity

» Small improvements in background rejection

» same basic behavior w/ 0.5 to .00 increases in significance of excess




CDF Run/ |l Preliminary 7.5 fb-1 CDF Run Il Preliminary 9.4 fb-1
WH— Ivbb 2 jets + 3 jets WH-— Ivbb. All channels combi
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95% C.L. Limit/SM

100 110 120 130 140 150 100 110 120 130 140 150
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Winter 2012

> 26% (69%) additional luminosity for 2-jet (3-jet) channels
» 5-10% level lepton acceptance/trigger efficiency improvements
» New HOBIT b-tagger equivalent to adding another 20% in additional luminosity

» Limits show same basic behavior with 1.0 to .50 increases in significance of excess




95% CL Upper Limit/SM
95% CL Upper Limit/SM

_____________________________ — 4 'lli"Sl’iblCh'ét’iﬁh'élS’;‘" . | | | -
| ZH —>I'T'bb . ZH —>1I'Thb

100 110 120 130 140 150 100 110 120 130 140 150
My, (GeV/c®) M, (GeV/c)

Winter 2012
» 23% additional luminosity

» More gain from HOBIT in this analysis than WH (original tagging not as sophisticated)
» 56% of data events in current analysis were not included in previous analysis!
» 37% sensitivity improvement (4.67® 2.95 at m_ =120 GeV/c?)




Tevatron strength:
H—bb

» Combine our three

pr| mar‘y |OW Mass - CDF Run Il Preliminary H—bb L =9.5fb™"
Searc h C h an n e | S g Expected ‘ +1o Expected
§ === Observed ‘ +20 Expected
WH=—>Ivbb 510 ~ ~
o
/H—vvbb 22
»
/ZH—llbb

» Allows for a quasi-
model independent B -
search for associated 100 105 110 115 120 125 130 135 140 145 150

: . : my, (GeV/c?)
Higgs production with
H—bb




Global Significance of H—bb

CDF Run” Preliminary m— H_shB channels
Expected if SM Higgs signal

SM H—)bB, L t < 95 fbv1 - Expected +1 sd.
" |:] Expected +2 sd.

» Highest local p-value is
found at my = 135

GeV/c?

» These searches are
performed in the mass

range between |00 to
|50 GeV/c?

» EFstimate LEE of 2 100 105 110 115 120 125 130 135 140 145 150
February 2012 Higgs Boson Mass (GeV/ C2)

©
=
©
T
&
g
c
S
o
S
>
R
@
T
m




compatible with SM Higgs?

CDF Run Il Preliminary 9.45/fb

80 [ All Sub-Channels [ 2 (125 Gevyx 50

|:| ZH (135 GeV) x 50
|:| ZH (145 GeV) x 50

—h
o

CDF Run Il Preliminary H—bb
L=9.5fb"

Fitted Higgs
Cross section

Events/(5 GeV)
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February 28, 2012

100 15 110 115 120 125 130 135 140 145 150
m,, (GeV)

o

Dijet Mass (GeV/c?)

» Data are most consistent with SM in mass range from 105
<my < 120 GeV/c?

» Behavior at higher my, values Is consistent with the
expectation from a lower mass Higgs



CDF Conclusions

» CDF has significantly increased the
sensitivity of its Higgs searches by
incorporating the full 10 fb"!
dataset and a wide range of CDF Run Il Preliminary, L < 10 b
analysis improvements

» All SM searches combined

excess of Higgs-like events observed

consistent with SM Higgs

production in the mass range from
107 toil4Z Gelic

global significance of 2.1 0

» Associated Higgs production In
the decay mode H—bb

excess of Higgs-like events 180 190 200

| ' ' V/
observed, again consistent with SM m,, (GeV/c?)
Higgs production

Expected CDF -
m==_Observed..........l....f Exclusion

I 10 Expected . .

-
o
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2
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N
1o
o

global significance of 2.70




Backup



Tevatron Higgs Summary

Tevatron delivered a spectacular dataset

CDF and DO incorporated full dataset
intfo Higgs searches

added considerable improvements to
Higgs searches beyond luminosity

measure VZ = X+bb at 4.60
significance and consistent with SM

Observe an excess of Higgs like event
consistent with SM Higgs production

global significance of excess is 2.20

consistent with SM Higgs production

Tevatron Run Il Preliminary, L <10.0 fo™!

Expected
== Observed
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February 2012

160 170 180 190 200
m,, (GeV/c?)

110 120 130 140 150

Tevatron Exclusion
147 < mu < 179 GeV/c?




optimal b-quark tagger
for Higgs

o start with yields from T
PreViOU S fagger‘s CDF Run II Preliminary 7.5 fb™"
Total ST+ST ST+JP  STNN
Pretag Events 184050 184050 184050
@ scale efficiencies and i 12322 114212 628464
Single top(s-ch) 45.0£6.7 35.1+3.4 18.9£1.8
fake rates Single top(t-ch) 13.942.4 133420 8.7+1.2
WW 1.6740.42 6.23+2.08 5.14%1.35
: W7 12.942.0 107412 5.8440.62
@ run pseudo experiments 77 0.620.09 0495006 0.29+0.03
7 + jets 0.64+1.40 11.941.7 8.75+1.30
P : W bb B57+104 228491 125450
@ c-quark discriminafion Weefe 31.0£12.6 98.3440.5 63.8£26.0
had minimal effect Mistag 12.142.9 52.8415.2 57.0414.3
non-W QCD 57.9423.6 85.3434.1 74.9429.9
i Total background H84+169 6564194  432+126
® can afford an increase Observed Events 519 568 402

WH and ZH signal (115 GeV) 7.28£0.98 5.34£0.39 2.80£0.19

in fake rate




optimal b-quark tagger
for Higgs

@ start with yields from
previous taggers

® use select variables
from older taggers

@ scale efficiencies and

@ combine into a single
fake rates

Higgs optimized Neural

@ run pseudo experiments Network

@ provide multiple

® c-quark discrimination . :
operating points

had minimal effect
@ training with Higgs
decay jets improves

® can afford an increase
in fake rate



HOBIT validation

compare performance in
simulation with data

previous taggers utilized
resolution effects to measure

corrections Jet Cone .~

no longer available in MVA / Tertiary Vertex

tagger, but now how large P

orthogonal datasets

measure correction scale
factors using two newly
developed techniques

Primary Vertex

combine the two
measurements to reduce the
b-tag efficiency uncertainty



HOBIT validation

o(+t) method

@ previously measure o(tt) and b-tag
eff simultaneously

compare performance in
simulation with data

previous taggers utilized @ select tt-bar enhanced data
resolution effects to measure

; @ W+3,4,5+ jet sample
corrections

@ W+l jet sample
no longer available in MVA

tagger, but now how large
orthogonal datasets

@ fluctuate the b-tag eff and light-jet
mistag efficiency

@ perform 2D X minimization in b-eff
measure correction scale SF and mistag SF
factors using two newly
developed techniques

combine the two
measurements to reduce the
b-tag efficiency uncertainty




HOBIT validation

compare performance in soft-electron method
simuldtiogiEiiae @ enhance b-content in a dijet
previous taggers utilized sample with soft-electron
resolution effects to measure tagging in away jet

corrections
@ correct the heavy flavor

no longer available in MVA content based upon

tagger, but now how large identifying photon
orthogonal datasets BhTorsohs

measure correction scale
factors using two newly
developed techniques

combine the two
measurements to reduce the
b-tag efficiency uncertainty



CDF Run Il Preliminary 9.45/fb
Top 20 Candidates in S/B
ZH-> p*ubb Channels

New Candidates For Winter 2012 Analysis
Previously Observed Candidates

» Examine top 20 events in
both channels based on
S/B of the discriminant
bin In which it's located
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» The electron channel
contains |2 new
candidates within this high
score region, while muon
channel has 5

CDF Run Il Preliminary 9.45/fb

Top 20 Candidates in S/B
ZH—> e*e’bb Channels

New Candidates For Winter 2012 Analysis
Previously Observed Candidates

(120 GeV Signal)/Background




